


f 


j! S nN 
iby 4 ‘ ts Me , 









Institutional Archive of the Naval Postgraduate School 


Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1971 


Some observations on the structure of shallow typhoons. 


Varga, George. 


Monterey, California ; Naval Postgraduate School 


http://ndl.handle.net/10945/15904 


Downloaded from NPS Archive: Calhoun 


| Calhoun is the Naval Postgraduate School's public access digital repository for 
_ (8 D U DLEY research materials and institutional publications created by the NPS community. 
«ist | et Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 
TT \ KNOX appointed -- and published — scholarly author. 
http://www.nps.edu/library 






LIBRARY Dudley Knox Library / Naval Postgraduate School 
411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 






SOME OBSERVATIONS ON THE STRUCTURE 
OF SHALLOW TYPHOONS ; 


George Varga 
> SS 
a —_ 








02 a ee ee er rr res re rr an rg, WE i rr er eR Se TTS 


a rr eS a TS ee rae Sas er 


Biel es: 


L 
& 30 2 


A, 
new ¢ 
— 
ae 
ter? 
—— 
ry ery 
3 


olen UR 


SE EE ES ene EE ee eS SE - ES eee ee oe ae 
Fem 
7H ham 
3 
ftv 
bias 
Facet 


wae i 

y . 
= eitencsiien! u 
gt a) i rd 
ww , Es, we, 
Sesion] "ae fens 
od wd . ( ?) FI 2 
oe a 2 
* a s, oO wd 
: Wwe ut Sai 


Ls et bt 
at 


by 
George Varga 


SHALLOW 


Or 





SOME CORSERVALTILONS ON 


4 
¢ 
© i] 
Ps 
Ee ee rr nr a rm mmm mmm ee em enw ee ele Sra | 


ee eS 5 I Se 8 ce EE RT 





2S TS A Sy FT TT nS a! 





thesis onayv lsor: 


& | 
. 
i 

| 

| 

: 


vi 


vi 


r 


q) 


Septemb 





cd. 


eee: 
Nab ee Ge 


' 
~ 


HO eds ee tO tL 


ee 


t 


OL Pub 


Approved 


pt 2O Pa 


——— 


/ 








Some Observations on the Structure of Shallow Typhoons 


by 


Georce Varga 
Lieutenant Commander, United States Navy 
B.5S., Unated States Merchant Marine Academy, L961 


submitted in partial fulfillment of the 
requirements for the decree of 


Maslin OF “SOCIENCE IN METEOROLOGY 


From the 


NAVAL POSTGRADUATE SCHOOL 
September 1971 





ABSTRACT 


During the past few years the existence of tropical cyelones 
of typhoon intensity, but laeking the vertieal extent of the 
"elassieal™ model, have been reported. Five sueh "shaJ low" 
systems were investigated by compositing reeonnaissance and 
rawinsonde data with respect to the center. Although emphasis was 
plaeed on POLLY (1968), a composite model was derived from the 
five storms. Some of the eharacteristics found in the model 
were the laek of convective activity, the exislence of a wurm 
eore in the lower levels but very little warming aloft, and ai open 
eyewall rather than the closed eye found in classical. typhoons. 

Some eomparisons with the classical modei are made but 
detailed reconnaissance dala are needed to explain the diittfeorences 


between shallow and normal typhoons. 
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IT. INTRODUCTION 


The development, maintenance and structure of tropical storms 
and typhoons has been well described by Riehl (1954). With the 
advent of hurricane/typhoon reconnaissance and the availability of 
upper level. data the typhooiu model was further refined by 
Poent (1965), La Seur (1966), and Gray (1968). Fett (1966) formu- 
lated the depiction of tropical cyclone development into various 
diagramatic stages on the basis of nearly simultaneous satellite 
photographs and maximum observed wind speed. In this scheme a 
moeptcal depression which had cloud patterns typical of Stage C 
normally had maximum winds of 30 knots. J1t was found, however, 
that reconnaissance flights into some depressions which appeared 
bo be Stage C found winds of tropical storm inteisity or vreater 
near the surface. 

Fett (1968) cited typhoon BILLIE (1967) as a good example of 
such a phenomena. Among the primary characteristics of BiLLIE was 
the Lack of a wall cloud around the eye and the absence of major 
convective activity and vertical development. Fett indicated 
cloud tops 4000 to 5000 feet eee eye oi BILLIE, whereas the 
vertical development of "normal" typhoons can be expected to reach 
elevations around 50,000 feet according to La Seur (1966) and 
Richl (1963). Because typhoons of the BILLIE variety lack vertical 
development, they have been referred to as “shallow typhoons" in 


thas veport. 


The Naval Weather Research Facility's contribution to Project 
STORMFURY (1968) indicated that typhoon/hurricane rceonnaissance 
erews have reported hurricane-intensity tropical cyclones with 
eloudiness below the 700 mb level near the eye and the lack of a 
definable eye wall. In correspondence with Elsberry, Kerrl 
described a possible shallow hurrieane that existed in the early 
mo>U'S as: 

"...The cye was the usual 15-20 miles in diameter and everything 
seemed to be rather normal as far as observations were concerned. 
However, when we started circling in the eye and climbing to 
higher altitudes for additional data (flight level at this time 
500 - 800 feet) we noted that we could see plenty of blue sky 
and we broke out on top of everything at something Like 

5-7/000 feet. The whole hurricane appeared as a doughnut below 
Peeend we Nad Good vVistbility in ail directions with no high 
elouds observable." 

Sadler (1967) in his discussion of the Tropical Upper 
Tropospheric Trough (TUTT) as a secondary source of typhoons, 
reported the development of typhoon KATHY in August 1904. The 
0335 GMT 15 August reconnuissance report of KATHY indicated a 
emeeiiar eye S50 miles in diameter, open in the north semicirelec, 
with maximum cloud tops at 17,000 feet. Sadler's upper level 
streamline analysis of typhoon KATHY at GO0OO GMT on the LSth 
depicted northeasterly flow above the vortex rather than cyclonic 
outflow as expected with a normal typhoon. These characteristics 
suggested the existence of a typhoon that lacked the vertical 


development normally expected, hence possibly another shallow 


EN ASO ola 


l personal correspondence fron J. L. Kerr, formerly with the 
U.S. Navy Airborne Early Warning Squadron 4, to Professor 
R. L. Elsberry, Department of Meteorology and Oceanovraphy. Navul 
Postgraduate School, January 24, 1970. 





The purpose of this paper is to attempt to delineate the 
structure of these typhoons and to discuss possible mechanisms of 
faeeenance. In @dditaon to typhoon BILLIE, which Fett (1968) 
@e-eribed) in detail, tropical storms POLLY (1968), OLIVE (1968), 
NADINE (1968) and LORNA (1969) were chosen for investigation. The 
latter four systems were picked on the basis of correspondence 
with the U.S. Navy Airborne Early Warning Squadron One (VW-1) 
based at Guam, Mariana Islands. It was felt that these four best 
fitted the characteristics of typhoon BILLIE as discussed by 
Fett (1968) and would yield some data for describing the strueture 
of these systems. 

The main concentration of effort was on POLLY beeause of the 
best combination of land and reconnaissance reports. Typhoon 
BILLIE received less emphasis while NADINE, OLIVE, and LORNA were 


examined superficiaily and need to be investiguteu Further. 


1 


JI. DATA SOURCES AND COMPOST TING 


Typhoon reconnaissanee reports (RECCO) and rawinsonde reports 
for the storms were obtained from the National Meteorological Data 
Center, Asheville, N.C. and the U.S. Fleet Weather Central/Joint 
Typhoon Warning Center (JTWC), Guam, Mariana Islands. 

The data were eomposited with respeet to the stormn center and 
the direetion of motion for time spans ranging JSrom 36 hours to 
four and a half days. The time Span was determined by the eon- 
staney of the individual typhoon traek and by the intensity of the 


system. With compositing there is the danger of glossing over 


5 
possible anomalies which eould be important in an investigation 
sueh as this. However, it was [felt that only by compositing eould 
enough data be gathered to make ail analysis oi the typhoon possibie. 
The reconnaissanee reports alone were not suffieient to describe 
the typhoon structure during a single synoplie time period. The 
plots of POLLY and BILLIE also ineluded surface ship data. 

With the exeeption of aireraft data, eaeh report was plotted 
relative to the “best-traek”" eenter positions of the system given 
in the Annual Typhoon Report of the JTWC. The aireraft reports 
were plotted relative to the typhoon eye positions reported by 
PViemeaneroat is tias Careful positioning of the RECCO reports was 
especially imporlant in the regions of strong gradients near the 
Comer. 

Wind reports were plotted with respeet to true north and 
transformed to the coordinate system relative to the center of the 


typhoon. The eourse and speed of the system was vectorially 


12 


subtracted from the reported wind direction and speed. The average 
speed of the typhoon was computed over twelve hours before and 
after the time in question. Therefore the wind foree and stream- 
line analysis were based on relative winds so that the maximum 


winds to the right of the direetion of motion were somewhat redueed. 
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bi ee TRACKS AND CLIMATOLOGY 


Figures 1-' depict the tracks os the five systems considered. 
The dotted portion of the track indicates the formative stages, 
mae Solid indicates the tropical storm and typhoon stage. The 
stippled portion of cach figure indicates the extreme typhoon and 
Beepieal Storm track limit for the period, based upon climatology 
obtained fromU.S. Pacific Fleet, Commander Cruiser-Destroyer 
Force (LOG . 

ivenoomebibiit (Fic 1), tropical storms POLLY (Fig.3) and 
LORNA (Fig.4) formed in regions Javorable for development. However, 
POLLY deviated from the normal track, and reached tropical storm 
intensity at about 2l N. POLLY did not follow the normal track 
until recurvature to a northeasterly course in the Last Chine seca. 
OLIVE and NADINE (Fig.2) also developed in regions favorabje for 
tropical storms, but further north than the others. 

On the basis of comparison of actual tracks and climatology, 
it did not appear as though the shallow systems deviated signif- 
icantly from the preferred development regions or from the cl.ima- 
tological tracks. However, the tracks were generally complex with 
loops or southwesterly movements. OLIVE moved from west to east 
along the track shown, apparently as a "Fujiwhara effect” with 
respect to NADINE. POLLY was the only one of the five to deviate 
much from the expected track. Because most of POLLY's track as a 
tropical storm was north of 25 N, POLLY may have intensified from 
aeovorene in tie lropieal Upper Tropospheric Zrough (TUTT) as 


discussed by Sadler (1967). However, comparison of the 
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climatological position of the TUIT for the month el Autist=(l1c. 5) 
and the area of formation of POLLY indicated that POLLY probably 
did not originate in the TUTT. Jt may have been that the TUTT 
extended considerable further south during the early period, 


August 5-6, of POLLY but this was not immestiajteda Lor this report. 


i 


Veal OF sPOLLY 


POLLY was selected for intensive study beeause of good coverage 
of rawinsonde and aircraft reconnaissance data. The composite 
analysis of POLLY covered the period from 0000 GMT 10 August to 


1200 GMT 14 August 1968. 


fee HELGHT FIELDS 

The analyzed height fields of tropical storm POLLY for the 
1600, 700, S00 and 2U0 mb levels are depicted in Figs. 5-8. The 
1000 mb height field was augmented by conversion of marine surface 
pressure reports to 1000 mb heights by using 1 mb = 8.7 meters. 
Pressure heights at the center during the period OOOO GMT 10 August 


~e . ~ a 


Bee Li! os CM Acs are LN Leu bie Pertti) 


TABLE 


Pressure heights used in the 
composite analysis of POLLY. 


Level (mb) Height (m) 


uy 
284] 
swe) 8) 
12435 





Central pressures at the lower two levels were typical values 
based on many reconnaissanee eye reports. During the. period the 
lowest surface pressure report was 968 mb at 0300 GMT 14 August 
with a corresponding 7U0 mb height of 2832 meters. The central] 


value at 500 mb was based upon the only eye penetration available 


at that level. For the 200 mb level there were no reconnuissance 
reports available. Consequently the eentral value was based upon 
thickness and vertiea] consistency considerations. 

At 200 mb it was very diffieult to analyze the heights and to 
fit them with the temperature and wind Fields. Lor consisteney 
with the better defined streamlines a eonsiderable number of 


heights appeared to be in error by as mueh as +70 meters. 


B. TEMPERATURE 

Temperature fields for POLLY were eonstrueted using radiosonde 
ence rawinsonde ehecked data, surface ship and aircraft flight 
reports. The 1000 mb field was construeted by the extrapolation 
of the temperatures from ship and low level flight reports. 
Temperature reports at 700 mb were augmented by the extrapolation 
Oe ldelee GCPSr Ss moer The “au mo lever. A stannic Mtoe bmp e 
rate from Riehl (1954) was used for extrapolation. Analyses near 
the typhoon eenter at 1LOOQO mb and /00 mb were primarily based on 
aireraft reports. At the 500 mb lcvel the only eye penetration 
report available indieated an increase from -1.0C outside the eye 
bortt. UC anside. No 200 inb flight reports were available 

Figs. 5-8 depict the temperature fields for the 1OOU, 7U0U, 
900, and 200 mb levels. Analysis at lUuGU mb indicated a slight 
eooling trend towards the eenter from 27C within about 60 n mi of 
the center to less than 26C over the eye. This cooling is con- 
sistent with the elassical model of a typhoon. However, the low- 
level eye penetrations listed in Table 2 indicate an increase in 


temperature in the immediate region of the eye. After reduction 
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of these temperatures to 950 mb the average maximum eye temper- 
ature was 26.6C with an average inerease of 1.5C. Aecording to 
La Seur (1966) a 2C inevease ean be expected at 950 mb in a 


mature hurrieane. 


TABLE 2 


Low-level eye penetration temperature 
repOrlesiur tropical storm POLLY. 
PMCS flO Loy 96a. 


Date/Time Max T Elon Temp. out- Flight Temp . 
(GMT) in eye Level. Side eye Level Increase 
([O) (mb) ie (mb) (28) 
10/0915 Cone Q'7 festa) aa aa) Cn 
270955 A ies a0 ra es 960 ia 
7 L050 Zor 0 963 26.0 shone 20 
70925 as ie 968 24.0 oe) Bie 


IN 
(J! 
e 

Co 
ow 7 


he ow 
i 


| aml J 6. rit e \ “} ot ‘ 


eo UIUU 


At 700 mb on the eomposite analysis (Fig.6) the maximum 
temperature within the eye is about 16.5C. The highest 700 mb 
eye temperature indicated by RECCO reports (Table 3) was 18.5C. 
The entire 700 mb field was 2 to 4C warmer than the mean tropieal 
atmosphere. Within 90 n mi of the eenter the deviation was even 
greater. Eye penetration reports for 700 mb (Table 3) indieated 
Smoctanite temperature inerease near the eye. The largest temper- 
ature inerease oecurred during the 0300 GMT 14 August penetration. 
However, at this time the eve wall was deseribed in the RECCO 
report as being elosed with moderate feeder bands in a quadrants . 
Average maximum temperature was 15.7C with an average increase of 
Y.2C, ineluding the 14/0300 GMT report. La Seurts (1966) model 


amdgeaned ai inerease of 5S to 6C at 700 mb. Jt should be noted 
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that about half of the reports in Table 3 indicate an outside eye 
temperature Jower than those appcaring some distance from the 
fembetm sin Fie. 6. Thus, woon approaching the center of the storm 
one would expect the temperature to decrease slightly and then 
rise rapidly near the eye. Compositing the data tends to obscure 


this partieular feature. 


TABLE 3 


Eye penetration temperature reports at 700 
Moe Unless Andicated, tor tropical storm 
POLLY, August LO-15, 1968. 


Date/Time Max ‘Temp Temp out Temp 
(GMT) in eye Side cyc Increase 

(°C) (°C) (°C) 
10/0240 jee 2 es. a0 
70300 14,0 delle a0) 
11/1558 Foxe 7) (aes) 
He 2 115 720 14.0 0) 
12/0300 14.0 10.0 UO 
13/0000 164.5 S20 aa 
ey O22 5 LOees 1 20 See) 
i730 liso fe ee see) 

(at 695mb) (at 695m) 

7 200 iS ie ees 
14/0300 18.5 NG Bees. Se) 
14/2120 1 bee Syl) 
Jhsy 16eeen6 14.0 eee : 20) 


A 2C warming near the eye at 5U0 mb contrasts with 
La Seur's (1966) typhoon model which had a /-8C warming at 


this level. On the basis of avaiitable data, the amount of warming 
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within the eye at 500 mb was considerably less than might be 
expected. However, the entire 500 mb fieldwas ] to 6C warmer 
than the mean tropical atmosphere. 

Rawinsonde data at 200 mb indicated a temperature increase 
from -49C to about -45C with elliptical rather than circular 
isotherms. Furthermore, the analysis indicated considerable warm 
eo eetton trom the region near the center. Ina fully devcloped 
typhoon approximately 10C warming can be expected at this level. 
according to La Seur (1966). As in the case of the lower levels, 
the 200 mb temperature field was warmer than the mean tropical. 
atmosphere by 2C to 5C away from the center 

Fig. 9 depicts the 1000-/00 mb, 1000-500 mb, 7O0OU-500 mb and 
500-200 mb thicknesses on a cross section along the direction of 
motion Gf POLLY. An increase of about 160 m within aw 60 n mi 
radius of the center was observed in the 1000-5J0 ana 00-500 mb 
thickness patterns. The striking feature was the 500-20U mb 
thickness plot which showed very little warming in that layer. 
Over a distance of 12U n mi on either side of the center the 
thickness pattern increased by only 30 m. Lack Of Var lariou i 
this layer suggested a near barotropic atmosphere where the 
geostrophic vertical shear is zero. However, examination of 
Fic. 16 shows that the actual 500-200 mb wind shear was large. 

In a later section the actual wind shears are compared with those 
calculated from these thicknesses or mean temperatures. 

The general warming in the lower troposphere indicated by Elie 
larger eye temperature increascs and corresponding thickness 
patterns (Fig.9) may have been the result of subsidence. With 


the absence of deep convective ciouds, it would appear that 
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Fellease of Latent heat was not an important [actor as is the ease 
for normal typhoons. 

The shallow typhoon appears to have the temperature structure 
of a mature typhoon only at the lower levels. A very large 
warming associated with upper leve3 heating in mature typhoons is 
absent. In this sense shallow typhoons seem to be marginal 
tropical eirculations in which a warm core is developed at low 
levels but the absenee of deep convection prevents goal 
development. 

Cause of this low level warm core development was not inves- 
tigated, however, possible mechanisms are sugyested. Radialional 
differences over long periods due to over-cast cirrus with 
feemect to the surface center could result in low level heating. 
Trapping of long wave radiation Oya bim@eloc Drris ase 1 would 
produce relative warming in the column, although tne magnitude ot 
this effect is not known. Riehl (1.963) pointed out that developing 
storms respond to influences from higher shatitudes. Tntensifiecation 
eould oceur when a trough in the mid-latitude westerlies pusses 
the longitude of a potential typhoon. Cammliacily <a. deve lop ane 
tropical depression in the region of the cold TUTTI may experience 
4 direet cireulation with aseent and therefore warming and 
intensifieation near the storm center with descent in the cold low. 

The absence of deep convection in the case of POLLY may have 
Eacmade to the extension over the Pacafric of the warm Himalayan 
and Asiatic ridge. Equivalent potential temperature (8) p¥Or ihes 
for stations in the vieinity of the center Gi POLLEY -(7ig-10) were 
computed and are depicted by Tig. Ill. Surface temperatures of 


26C-27C may not have been warm enough to form deep eonveetion as 
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Fig. 11. The equivalent potential temperature profiles for selected 
Souncdiies i the proximity of tropical Storm POLY. 


Seeesitt Of Lhe warm wir mass aloft. The 8, profiles (Fig.11) tend 
to substantiate this. Jt should be pointed out that the only 
inversion was observed at Station 47909 between 847 and 805 mb 


With temperatures of 16.2C and 18.2C respectively. 


fee NEPHANALYSIS 

A striking feature of the cloud formations associated with 
POLLY was the lack of convective activity. The ecjouds, even those 
Close to the center of the system, tended to be layered. ‘The low 
clouds, cumulus and stratocumulus, were generally 2000-3000 feei 
in thickness. Some aivreraft reports indicated a thickness of 
only 500 feet. The middle clouds. mostly altocumulus and 
altostratus, were remarkably well regimented into layers of about 


memoemreet Lhaieckness with a few of LOOO feet and 3000 feet. The 


- Land 


PEER CUI IS WOPS “aera: cu Pe Cate Sinate SOR coe fact oe 
meevery thin. 

The absence of cumulonimbus type elouds was conspicuous. One 
report at about 160 n mi south of the center indicated Cb with 
base at 1500 feet, ton at 30,000 feet. All other Cb reports were 
beyond the 300 n mi radius, almost directly ahead of the direction 
of movement and were associated with islands. 

The amount of cloudiness increased rapidly as one approached 
the center of POLLY. Aircraft reports of eye penetrations often 
indicated that the center was filled with clouds, gencrally 
stratocumulus. Table 4 lists the reporis that indicated clouds in 
or over the eenter. Eye penetration reports substantiated the 
lack of convective activity associated with POLLY. Only one 
report, that of 143U GMT 13 August indicated thunderstorm activity 
within 50 n mi of the center. The lack of convective activity was 
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TABLE 4 


Penetration times and types of elouds found 
within the eye/center of POLLY. 


Type of Tops | 
PeneLralion cloud Type(s Amount }(FT) | Eye twat! _ 
| 





10/0915 |Low Level |Stratocumulus {10/10 [NA No 
mey2l20 }500 mb Stratocumulus BOZO NA Poorly datined 
m7 0300 |700 mb Stratoeumulus erake NA Closed 
ey 558 | 7/00 mb Sstratoeumulus LO7 0 NA |Open** 

| Al toecumulus 6/10 [NA | 
ime 2115 {700 mb Stratocumulus NA 6000 | Open 
12/0300 }700 mb Broken Strato- | 

cumulus NA | NA ‘Closed 


12/0955 ;|Low Level Stratocumulus {10/10 5000 ;Open 
12/1415 |Low Level Penetration Abotted for!SAR Open 














edge 


13/0000 |700 mb Altostratus (10/10 !NA } Open 
Pee nes NA bead | 
Ms70225 1700 mb Ever aii NA NA 'Closed 
with Cu & Se | | 
Altostratus JOZ710 NA 
13/1050 |Iow Level Stratocunulus 10/10 | 4000 } Open 
e730) 1700 mb Thunderstorm Activity within | 
| Popeles ote the | Conter Open 
eM7Uuye> ! Low. Leves. roel tue pally i. +» ae Bee 
V4H/1500 };700 mb iStratocumulus {10/10 SJGO .Clused 
15/0250 |700 mb 'Stratoeumulus {10/10 |8000 | Open 
Altostratus Jey Ae) NA 
15/0900 |Low Level Stratoeumulus LO/1O 3000 | 
near f 
} ol 8 (i | 
yee ! 
7000 | 
near | 
| 






* NA - Not Available 

** Open means that the eye is formed by clouds representative 
of cireulation but clouds are not present in all quadrants. 
It may also imply that the center of the storm is defined 
by feeder bands spiraling towards the center. 
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mimeeceordanece with the observations of Fett (1968) about shal.tow 
typhoons. Fett suggested that subsidenee over the eye aueeounted 
for the absenee of elouds as well as possibly providing the me- 
Chanies for heating the eore of a shallow typhoon. However, on 
the basis of elouds, POLLY is somewhat different. ‘The striking 
Girrerence is that POLLY did have cloudiness in and over the eye. 
The stratoeumulus tops tended to be around 4000-5000 fcet. Thus 
in the ease of POLLY there did not seem to be strong subsidence 
within the eye. 

Analysis of prepared eharts of the low, middle, and high 
elouds Jed to some general observations. The amount of cloud cover 
within a 300 n mi radius area tended to be greater in the richt 
quadrants than in the left. Furthermore, it was noted that 
within 120 n mi of the center the tops of cumulus clouds tended 
to be higher in the rear quadrants and lhe bases generally tower 
in the Jeft rear quadrant. 

On the basis of middle cloud analysis it eould be seen that 
the elouds were layered with thicknesses from LOGO to 2000 feel. 
The bases of altocumulus and altostratus were all above 8000 Tect 
with the average at about 12,UUU to LH#,UU0 feet with a few reports 
as high as 19,000 feet. The amount of middle eloud cover inereased 
Papidily towards the center of POLLY, especially within the 120 n mi 
radius. The eirriform eloud cover increased rapidly to overcast 
Conditions within 100 n mi of the center. Where cloud layer 
thieknesses were reported, the thickness was ieee ora 
Gee. very thin cirrus) op 5000 feet with the bases usually at 


35,000 feet. 
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® more detailed description of the cloud analvsis is found in 


Appendix A. 


D. MAXIMUM WINDS DETERMINED FROM SATELLITE PHOTOGRAPHS 

Table 5 is a tabulation of the maximum winds expected from 
nephanalyses of satellite photographs versus the actually reported 
maximum winds by reconnaissance aircraft. The sienifieant factor 
in the case of POLLY was that in every case the sateilite phato- 
graph interpretation considerably underestimated the max.imum 
observed winds. In the later stages of the period the reported 
maximum surface winds were consistently 65 knots or higher. 
However, the Annual Typhoon Report (1968) reported POLLY us having 
maximum sustained surface winds of 55 knots, und hence the system 


was Classified as a tropical storm. 


Peo OK LANLINES AND ISOLACIIS 

The composite analysis of relative streamlines und isotuchs 
for the 1000, 700, 500 and 200 mb level are depicted in Figs. 12, 
13, 24 and 15 respectively. During the analysis an effort was 
made to avoid forcing the streamlines to agree with the classieal 
model. Wowever, the available data suggested that POLLY had 
inflow at the 1000, 700 and 500 mb levels. At 200 mb there was 
definite cyelonic outflow from the center of POLLY, becoming 
antieyclonie about 90 n mi away from the center. This type of 
eirculation was compatible with more mature typhoons (Riehl, 195!) . 
For a shallow typhoon, however, this outilow was Teas unexpeeted. 
As mentioned previously, Fett (1968) described typhoon BILLIE with 


Seraiegie moreneasterly flow at 200 mb. 
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JV SUE) Ses. 


Maximum winds in knots obtained bv satellite 
piokoeraghy saterpretation and Lrom aircraft 
eye penetration reports for tropical storm 
FOwLyY., Aucust LO-=15, 1968 


earel lite Photo Interp. 
Date/Time Class Wind Date/Time Low Level. 700 mb 
(GMT) (knot) (GMT) Wind (knot) Wind (knot) 
FL SEC FL SEC 
maywiss2 Stage C ae LO/0240 68 55 


1070915  NA+* 90 


i703 00 68 50 
i725 50 50 
12/0233 Stage C U0 12/0300 65 60 
12/0955 NA 50 
13/0438 Category 1 35 13/0000 “US 50 
T7022 5 IES 85 
ie7 hOS07 NA 50 
13/130 NA 45 
S72 00 60 NA 
OSC rOnly a partial 14/0300 65 65 
Mieco sOa POLLY - 
Appears to be 1470925 NA 70 
Stage C, 40 knot 
LYy72120 75 65 
iS/09l7 SGatesory 1 LO 15/0250 45 65 
15/0900 NA vhs 


* FL = Flight Level 
#* NA = Not Available 
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The wind speed deerease with height was as generally expected 
tia cypneon, as Shown by Pike (1962), Gray (1968) and Riehl (1954). 
To check the consisteney of the wind field end temperature 
analysis, the actual wind shears and the geostrophie and gradient 
wind shears based on the temperature analysis were computed. 
Actual tengentia]l wind shears are presented in Fig. 16. These 
shears were averaged at 30 n mi intervals along cross sections 
parallel and normal to the movement of POLLY. Gray (1968) indi- 
cated that for tropical storm development and intensifieation the 
vertical wind shear between 850 mb and 200 mb should be +10 knots 
or less. Large vertical wind shears pronibit the concentration of 
latent heat resulting from convective uetivity. As ean be seen 
in Fig. J6, the shears below 500 mb were of the order of 10 knots 
beyond 90 n mi From the center. Shears in the upper regions, 
however, were of the order of 40 knots. Tt is suegested that 
these large shcars at upper icvels are a contributing cause of the 
lack of heating found aloft and the lack of convective activity. 

Fig. 17 and 18 represent the comparison between actual, 
geostrophiec and gradient vertical wind shears averaged at 30 n mi 
intervals for the 700 mb and 500 mb level vespectively. 
Dafiecreneces between the gradient and actual shears at 700 mb 
(Fig.17) implied the temperature gradient was reasonable near the 
eenter but was exaggerated further out. The temperature gradicnt 
at 500 mb was too large within 120 n mi, based upon the comparison 
between gradient and actual shears (Fig.18). The large Giprerence 
between geostrophie and gradient wind shears displaved in 
Figs. 1/7 and 18 suggests the importance of the curvature term 


Nedr @ieseenter of the shallow typhoon. 
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Fig. 16. The actual tangential vertical shears in knots 


averaged at 30 n mi intervals along cross sections 
paralicl and normal to the movement of tropical 
storm POLLY, August |O-.L4. 
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Fig. 17. Comparison of the absolute values of -tangential 


actual. geostrophic and gradient vertical wind 
Shears averaged at 30 n mi intervals along cross 
seclions parallel and normal to the movement ol 
tropical storm POLLY at 700 mb in units of 


knots/100 mb. 
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PeeeoAlivie VORTICITY AND DIVERGENCE 

(ieee vorticrties at VO00, 700, S500 and 200 mb levels 
are depicted in Fig. 19. Values Were computed from the streamline 
and isotach analyses and then averaged at 30 n mi intervals froin 
the center. The lower-level vorticity ficlds were of the order 
expected in a typhoon. Only a slight decrease of vorticity voccur- 
red between 1000 and 700 mb. Because the 200 mb Jevel had 
Gyclonic outflow, the relative vorticity field was positive to 
a radius of about 80 n mi and then became negative as the stream- 
lines became anticyclonic. 

The divergence profile at the four analysis levels shown by 
hice cUlWas averaged Similarly to the vorticity diagrams. 
Divergence fields for POLLY were similar to the typhoon 
model (Riehl, 1954) with significant convergence within 60 n mi 
of the center at low ievels, and strong divergence near the 
center at upper levels. Fig. 21 represents the sum of the 
divergences for cach level and the average velocity normal to the 
woumeadry Of a 300 nmi by 330 n mi areca centered around tropical 
storm POLLY. It can be seen that the Jevel of non-divergence was 
Slightly above 500 mb with convergence below and divergence above. 
The divergence at 200 mb appears to be exccsSsive. 

If the 200 mb analysis was in fact representative of the upper 
level structure of POLLY, there are some conflicting features 
associated with the storm. On the basis of wind shear computations 
much coneentration of heat can not be expected Siete Tieee ce ab 
amount of divergence aloft implies decp convection and release of 
latent heat. However, the nephanalysis showed that one of the pri- 


mary characteristics of POLLY was a lack of deep convective activety. 
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along cross sections parallel and normal to the 
direction of movement of tropical storm POLLY, 


August lO-J4. 
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Fig. 21. Sum of divergence and the average velocity normal to 
rae boundary 2 200i ims by 330 n micarea centered 
around tropical storm POLLY. 
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Fett (1968) suggested that in typhoon BILLIL the warming of 
the eye resulted from subsidenee of mid-tropospheric air into the 
region of the eye. From eontinuity considerations there would 
have to be compensating low-leve] divergenee. Since there was 
Se clone litlow and Convergenee associated with BILLIE near the 
surface, assumption of subsidence from aloft would require a 
region of strong divergence at an intermediate layer. Based upon 
the available data and the analysis, this type of convergence/ 


divergence pattern did not exist with POLLY. 





Vee LYPHOON BILLIE 


enor noc wOlmmigmectOrt im this research was on POLLY duc 
to better data coverage, eonsiderable time was spent on analysis 
of RILLIE. Onc of the objeetives was to use RECCO reports te make 
a eomparison between POLLY and BILLIE, sinee the latter storm was 
well documented by Fett (1968). 

Basically, the two systems were similar in nature. The 
largest amount of warming oceurred in tie lower troposphere in 
typhoon BILLIE as was the case witu POLLY. satellite photography 
analysis (Fett, 1968) underestimated the actually observed maximum 
winds. This was also the case in POLLY. Based on nephanalysis. 
BILLIE was characterized by laek of eonvective activity and the 
elouds were stratified Similarly to POLLY. An examination of 
Table 4 and Table 8 indicates that the eye structure of the two 
systems was basieally the same, namely open eve wall with feeder 
bands spiraling towards the eenter. Clouds within the eye were 
generally topped off between 4000 to 5O00C feet. 

The two significant differences be tween POLLY and BILLIE were 
the high clouds above the eye and the upper level flow. Nephanalysis 
and verbal deseription in the RECCO reports of POLLY indicated defi- 
nite overeast high cloudiness above the eye while BILL{£E lacked 
high clouds. Overeast cirriform cover was found in the Jeft quad- 
rants of BILLIE, away from the eenter. Upper level flow at 200 inb 
associated with POLLY was cyclonic outflow becoming anticyclonic. 


Fett (1968) indieated that straight northeasterly flow was found 
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aloft with BILLIE. The analysis of available data substantiated 
this flow. lJowever, the absence of upper air data in the 
immediate region of BILLIE would have also permitted a region 
eo cyclonic outilow to be drawn. 

Another dificrence between POLLY and BILLIE was that POLLY 
deviated considerably from the mean track and intensified at a 


latitude higher than normal. 


Pee ye LEMPLRATURES 

Table 6 lists the low level eye penetration temperature 
reports for typhoon BILLIE obtained from RECCO reports for the 
Pemrouwuuly 3-/. All reports, except the U200 GMT "% July report, 
indicated definite warming as the aircraft approached the center. 
The reports indieated an average increase of 1.7C inside the 
eit ricer so 1Or PULLEY? jadi +» isis tie mpi, eT 
penetration reports. These penetrations were near the 700 mb level 
arid observed an average increase in temperature of 4.1C within 
the eye. POLLY had an increase of !.2C. 

At 500 mb and 200 mb there were no RECCO reports available. 
The 200 mb temperature analysis did not show a definite tcmper- 
ature eye. On the basis of the rawinsonde reports available the 
temperature field increased in temperature about HC over a radius 
of about 240 n mi from the surface vortex. As with POLLY, the 
warming of the system appeared to be confined to the lower 


troposphere. 





TAGE. 6 


Low-level eye penetration temperature reports 
LOrmewonoormatininnt. July 3-6, 1967. 


Date/Time Max T Phat Temp. out- Pier ome Temp. 
(GMT) in eye Level side eye Level Jnerease 

OC rab | Oc mild} (9C) 

03/0940 2 NA* 2a NA PS) 
a7 1530 ee) 968 2379 970 0 
Os 72124 24,5 UST OMe 24.0 ee On 
04/0200 24.5 1840 Ft coma t iow) tt ~O.5 
04/1030 des Bm 6 Shoyll 2ll 6 o> 1.0 
05/1600 Zl Og Zaieel 952 20 
0572140 a oo) 24.0 951 Cay 
06/1836 50s O41 216 nas 950 Se 


* NA = Not Available 


TABLE 7 


Upper-Jevel eye penetration temperature reports 
Home rypnoon bilLbib, July '-o, 1967. 


Date/Time Max T alt ola ts Temp. out- Vel real gi Temp. 
(GMT) in eye Level] side eye Level Increase 
E mb Xe (mb) oa 
04/1625 9.4 680 6.0 680 3.4 
0472120 Via 2G eA 726 seal 
15/0330 erpee: See In (i ieee. Seem silt 
05/0931 18.0 700 11.0 700 rae 
06/0354 1 are 700 es 700 Dau 
06/0720 ry 700 L4.5 700 . Seale. 
06/0946 Lies 8 700 is eee 7900 I 


The remainder of eye penetration reports for July 6-7 
give the maximum inside temperatures at about 950 mb 
and the oulSide eye temperatures at about 700 mb. 
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B. NEPHANALYSIS 

The summary of the clouds for typhoon BILLIE is based upon 
Station and aircraft reports between OO00 GMT 3 July and 
1200 GMT 7 July 1967. As in the case of POLLY, the cloud patterns 
Pecoctated with typhoon BILLIE indicated a definite lack of 
convective activity. ‘There was only one report of cumulonimbus 
activity within 300 n mi of the center. Low clouds were generally 
2000 to 3000 feet in thickness. There were a Few reports which 
indicated thicknesses greater than 3000 feet, a case not as 
Frequent with POLLY. On the average the tops of cumulus and 
stratocumulus tended to be higher with increasing distance from 
the center while the bases remained at about the same altitude. 

The middle clouds were well regimented in layers 1lOOO to 2000 
feet thick. The bases and tops of the altocumulus and altostratus 
were somewhat Lower within 120 nmi of the cenier. Altostratus 
was predominant in the left quadrants, especially in the left rear 
between 90 to 240 nmi. The right front quadrant was conspicuous 
etic absence of middle cloud reports even thoush low and high 
clouds were indicated. This feature was not found in POLLY. The 
rear quadrants generally had inore middle level cloud cover. 

Bases ranged from about 6000 feet to 15,000 feet with a very tew 
indicating 20,000 feet. All middle clouds associated with POLLY 
had bases above 8000 feet. 

The cirriform clouds were either very thin or at most 5000 
Feet in thickness throughout the field. There were no reports of 
MVeteaoeeeleric Or Clrrostracus ia Ehe right meats or over the 
eye of BILLIE. Fett (1968) susvested that the lack of high cJoud 


cover over the eye of BILLIE was the result of the northeasterly 
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flow above the system. The left quadrants had reports of overcast 
wiimrearm cCrholds. One report only 30 n mi from the center in the 
left front quadrant indicated overcast cirrus. A more detailed 
description of the clouds associated with typhoon BILLIE is found 
ienppendix B. 

Table 8 lists those eye penetration reports which remarked 
about the presence or the lack of clouds within or over the eye of 
BILLIL. The type, amount and tops of the clouds were entered when 


available. 





LABLE 8 


Penetration times and types of elouds found within or 
over the cye/center of typhoon BILLIE, Juiy 4-7, 1967. 





DTG Type of Tops 
GMT) Penetration Cloud Type Amount (ft) Eye Wall 
04/1700 700 mb Altostratus 1.0/4.0 15000 None 
0472120 700 mb No Clouds = ----- — ----- Open* 
05/1600 Low Level NA¥*% wee HHH He Open 
0572140 Low Level No Clouds = = -----  — ~+--- Open 
06/0354 700 mb Stratocumulus NA NA Open 
06/0720 700 mb Stratocunulus NA 5000 Open 
06/0946 700 mb Cumulus NA NA Open 
07/0430 700 mb Type not Indi- NA 5000 Open 
Coleen 
07/0920 700 mb le eae eye WOOU- Open 
(saete LeU POOG 


* Open means that the eve was formed by clouds representative of 
eireculation but elouds were not present in all quadrants. It 
may also imply that the center of the typhoon was defined by 
feeder bands spiraling towards the center. 
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VI. TROPICAL STORM LORNA 


Tropical storm LORNA was not investigated in detail. 
Naphanalysis based on RECCO and land station reports for the 
period OO00 GMT 25 November to 2400 GMT 28 November 1969 is 
included in Appendix C. LORNA was characterized by lack of eon- 
vective activity Similar to typhoon BILLIE and tropical storm 
POLLY. There was only one report of cumulonimbus activity 
180 n mi ahead of LORNA in the right front quadrant. This report 
was associated with thunderstorm activity over Land. 

Low level clouds of cumulus and stratocumulus had bases 
generally between 1500 to 2500 feet with tops from 2000 to 6000 
feet. In comparison with POLLY and BILLIE, cumulus clouds 
associated with LORNA had greater thicknesses. Within GO 1 mi the 
layers were about 2000 feet, but further out the thicknesses 
increased to 3000-4000 fect. 

Altocumulus and altostratus were generally 2000 to 3000 fcet 
thick with the bases highly variable anywhere from 6000 to 18,000 
Peete One repor., about 12 nm mi from the center in the left rear 
quadrant indicated overeast altostratus. All other reports of 
overcast middle type clouds were in right quadrants 55 n mi or 
further away from center. 

PT erdoie. Cloud reports andicated that cirritorm cloud cover 
increased with distance away from the center. Nimbus 1]] infrared 


photographs of LORNA further substantiated this. Cirrostratus 


clouds were predominant with LORNA while cirrus was predominant 


sy 


Pee lObEyY sander iiEwebasces O1 the high clouds, when indicated, 
were generally between 25,000 feet and 28,000 feet, with a few 


Peports at 30,000 feet. The thicknesses were generally 2000 feet, 


eonsiderably less than the 5000 feet for POLLY and BILLIE. 
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Vitec COMPOST IE MODEL 


In this section a composite model which was developed from the 
Pariysiseot Elie tropical cyclones discussed previously wili be 
presented. ‘The model also includes the results of the low level 
analyses of NADINE and OLIVE. Analyses of these two systems 
substantiated the characteristics found in the previous sections. 

On the basis of available data, the shallow typhoon is a warm 
ere. ecyclonically rotating wind system. The system lacks an 
eyewall in the classic sense. Clouds representative of cyclonic 
Sl ewrarion., Or teedcr bands spiraling towards the cente.r., 
usually define the eye. A closed eye is not a characteristic. 

The eye of the storm, however, is definitely warm core. Most of 
the core warming tends to be in the lower troposphere below 

3900 mb. Upon reaching typhoon intensity, the winds are most 
intense newr the surface, reaching speeds between 70 and 80 knots. 

Nephanalysis of sate]lite photoyraphs cvenerally underestimates 
the maximum expected winds. Using the nephanalysis procedure as 
Gai laned: by Project PAO weeo otic € orsCr 1S Jound with 
expected winds of 25 to 30 knots. 

Clouds associated with the shallow typhoon indicate a Jack of 
convective activity. The clouds are regimented into layers with 
cumulus or stratocumulus 2000 to 3000 fect thick, and altocumulus 
or altostratus usually 2000 feet thiek. Cirriform clouds are 
found to be either very thin or a few thousand feet in thickness 


with maximum tops at 35,000 feet. Within the eye the clouds are 


39 


topped off around 4000 to 5000 feet although occasionally tops are 
POu0 tome eets ~there 1s often an misende Gieelendsrwithin the 
eye or above the eye at high altitudes. 

With the available data it was not possible to clearly define 
the upper level flow to be expected wilh a shallow typhoon. 
Bete (! 900), based on available data, indicated strong north- 
easterly flow at the 2UU mb level over typhoon BILLIE. Sadler (1967) 
in discussing typhoon KATHY, which lacked the vertical extent of 
a normal typhoon, depicted straight flow above KATHY. The data at 
Siemon POLLY's case andicated cyclonic outflow over the surface 
vortex and then becoming anticyclonic. 

The vertical wind shears in the lower troposphere are low 
enough to enable warming of the system and allow fer intensification 
to typhoon force. However, the shears in the upper troposphere 
are of the order of 3U knots or more and nay pievent tie system 


from intensifying into a full seale typhoon. 
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VIII. SUMMARY AND CONCLUSIONS 


Available data from five tropical cyclones verify the 
existence of shallow type typhoons which do not fit into the 
framework outlined for the classical model. The model presented 
in the previous section is by no means complete, and further 
research into the structure and mechanics of formation and main- 
tenance is needed. Ability to recognize this Cype of a typhoon 
1s particularly important if airborne reconnaissance is not avail- 
able. Reliance on satellite observations alone for predietion of 
these storms eould prove disastrous. 

To enuble better definition of upper level structure of the 
model... teeonnaissance flights at 500 mb and in the 250 mb to 200 mb 
region are imperative. Without this data aecurate description of 


tie system will not be possible. 
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Dus tance 


from 
eenter 


APPENDIX A 


Nephanalysis of tropical storm POLLY 


Quadrant 


10-14% August 15968 


Remarks 


(n_mi) | 


00-60 


00-60 


00-60 


60-120 


Riahe 2 rone 


ewe ae 


bert Front 


fein Kear 


Right Front 


Cumulus with bases 1590' to 2000' with 
Gems sud = One report at 11/7/1500Z in- 
dieated overeast Cu 15 n mi from the 
Cemrer with base at 1500' tops 35000°. 
stratocumulus with 9/10 cover, base 

2000' tops 5000 at 60 n mi ahead of 
COnMEe rT: 

All veports but one indicated altocumulus 
with bases at 8000', 4/10 cover. 

Only one report of high clouds in the 

60 n mi cirele showed 10/10 cirrostratus 
Winit base at 30,000'. 

Citttus . bya CoC? i. we a. eae" 
Loose Ue 000) aia x L mui 

Altostratus with overcast indicated by 
three out of four reports. One report 
indicated As with base at 7000', tops 
at 8000°. 


P) 


Cumulus and stratocumulus with tops 
4YOOO-5000'. 

Altostratus and altocumulus, overcast, 
with bases J]2,000-J7,000'. 


Cumulus and Stratocumulus with tops 
“OOO-SO000'. 

Oeiwmone Trenorte of altostratus, 10/10 
cover, no bases or tops indicated. 


One aircraft and one station report 
available in the front quadrants showed 
cumulus type clouds, overcast, with 
bases down to 1500’. Tops not indicated. 
No report of middle clouds available. 
Only one report indivated cirrus, 3/10 
cover. 


.- 
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MPPENDIX A (cont.) 


Distanee 
from 
center Quadrant Remarks 


a ey ee 


60-120 Right Rear Cumulus type elouds with bases 1200 to 
iwtme wrth tops up to 9000'. Cover from 
7/10 to overeast. Stratoeumulus present 
with bases 2000-4000', tops generally 
9000-6000" with a maximum of 9000' re- 
Hertea. One aircralt report showed 
Menbestratnus,. Only two of fifteen re- 
ports indicated complete eloud cover. 


60-120 Right Rear Altostratus and altoeumulus with 1/10 
to 10/10 cover. Altostratus base 12,000 
tomes. UWOO Peet: tops P4000 to 15,000 
Feet. Altoeumulus 7000 to 10,000 feet 
base, tops 9000 to 12,000 feet. 
Cirrus and eirrostratus 1/10 to over- 
east, bases 30,000 feet, tops at 
aoPuOOL rect - 


60-120 Reimietront For low type elouds see comments in the 
eC eereti TCO 1 Gi). 
PRBRSCUIINLUS BHR linge tie re com 
tops 14,000 feet, 7/10 to 8/19 cover. 
Only one report in the front quadrants 
indicated cirrus, 3/10 cover. 


60-120 ere Rear Cumulus with bases 1300 to 1500 feet, 
tops around 5000 feet with one report 
up to 10,000 leet. Stratocumulus with 
bases 2000 to 't000 feet, tops 4000 to 
5000 feet. 

Altoeumulus and altostratus from 5/10 

to overcast. Bases from 8000 feet up to 
17,000 feet with tops at 9000 feet to 
19,000 feet. The eloud thicknesses 
generally 2000 feet. Wide variation of 
base and eloud top heights. 

Gipriiceand Cirrostratus 5710 to 10/10 
eover, bases at 30,000 feet, tops at 
35,000 feet or else very thin. 


120-240 Ald. Beyond the 120 n mi radius no report inr- 
dicated overcast hagh eloud type cover. 
Cirroform clouds are present with bases 
around 20-000. to 35,000 feet with very 
thin or 5000 foot thiekness indieated. 


Neer x A (cont.) 


Distance 
from 
eenter Quadrant Remarks 


(iin. } 


120-240 Right Front stratoeumulus bases generally reported 
at 2000 feet with tops around 5000 feet. 
Cumulus cloud bases from as low as 1509 
feet to 2000 feet with tops around 5000 
feet but a few reports indicated as high 
as 20,000 feet. 
Altostratus and altoeumulus 5/10 to 9/10 
eover, bases 8000 to 10,000 feet, tops 
LO,000 to 12,000 feet. 


120-2440 heh Rear The tops of eumulus type clouds tended 
to be dower than in the front quadrants, 
being generally 3000 to 5000 feet with 
bases 1500 to 2000 feet. Stratocumulus 
bases 2000 to 3000 feet with tops around 
6000 feet but extending to 9000 feet. 
Altostratus and altoecumnulus with bases 
generally 8000 to 10,000 feet, tops 
Mevvt wo ta O00 teet.» Cover from 1710 
to overeast. 


120-240 Left Front For Low type clouds see under right 
Tront deseription. 
Altoeumulus and altostratus 6/10 to 
overeast, bases 8000 to 12,000 teet 
wath tops 10,000 to 12.000 feet. One 
report indicated overcast altostratus 
with base at 28,000 fect. 


120-240 Left Rear Cumulus and stratocumulus similar in 
character as found in the right rear 
Guadrant: At the forward edge of the 
quadrant at about 160 n mi Lrom the 
center is the only cumulonimbus report 
within a 240 nmi radius. Out to 
240 nmi the right quadrants tend to 
have more cloud cover than the leit 
quadrants. This observation may how- 
ever be due to the availability of more 
reports in the right quadrants. Alto- 
eumulus and altostratus, 4/30 to 8/10 
eover, bases 10,000 to 12,000 feet with 
POpcee se OUebo at OO0.reet. Some re= 
HOTtS indieate base at 17,000 Icet, 
tops at 19,000. Two reports, south anl 
southwest of center at about 210 n mi 
have nimbostratus in conjunction with 
al rFocumulus. 
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Perron A (cont.) 


Distance 

from 

center Quadrant Remarks 

(n_ mi) 

240 - MA There was some cumulonimbus aetivity 


ahead of the center of POLLY at a 

distance of ever 300 n mi. 

Reports of middle clouds became sparse 
with only a tew aircraft reports to in- 
ateate thickness of altocumulus and 
altostratus. Thickness, as before, 
generally LOQ0 to 2000 feet. The general 
Erend was jor less cloud cover the further 
away the report was from center. 
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PEPENDIX 3B 


Nephanalysis of typhoon BILLIE 
S=y or July 1967 


Distanee 
ier ayaa 
center 
aga . Quadrant Remarks 


00-60 Rieti Front One report of eumulus, 9/10 eover, base 
1500 feet, top "000 feet. No report of 
middle clouds except for eye penetration 
report of O4/71700Z which indicated over- 
east over the eye. Thin cirrus. 1/10 
cover, base at 35,000 feet. 


00-60 Right Rear Cumulus 3/10 to 8/10 cover, bases 
1000 to 2000 feet, tops 4000 to 5000 
feciameone report indicated Cu top at 
7000 feet. 
Altocumulus 9/10 cover, base 7000 feet, 
EO SUU0 See . 
She adel!) ome’ CoOvVo, SASUS ne 


EOpS Neb send cated on reports. 


00-60 Peni ron Cumulus 7/10 to overcast, bases 1000 
toeovUUetcees. tops 9000 to 10,000 Feet. 
One report of overcast Stratocumulus 
60 n mi from center, base 1.000 feet, 
topo DUGOUT eetl. 
Altoeumulus 1/10 eover, base 12,000 feet, 
bop to U00 eet. 
One report 30 n mi from eenter reported 
Girris. base Or top not given. 


OO-60 Left Rear Cumulus 5/10 to overeast, bases as low 
as 600 feet but generally 1000 to 2000 
feet, tops 3000 to "000 feet. Only one 
report of stratoeumulus, base 2000 feet, 
top 3000 feet. Altostratus, 9/10 cover, 
base 12,000 feet, top not indicated. 

One report of thin cirrus, 5/10 cover, 
base 30,000 feet. : 
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Distance 
from 
center 


PRPPENDIX B (cont.) 


(n mi.) Quadrant 


60-120 


60~120 


60-120 


Right Front 


Richt Rear 


bette hear 


Remarks 


Only one report of seven indicated 
eumulus, 2/10 cover, base not given, 
top at 10000 feet. The rest strato- 
cumulus 4/10 to overcast, bases 
sonerally 1000 feet, tops 3000 to 4000 
feet but up to 5000 feet. 

No middle clouds indicated. 
Gaiee2rrtis 1710 to 5/10 cover at 
530,000 feet. Cirrostratus 8/10 cover, 
base 30,000 feet, top 35000 fect. 


Cumulus 5/10 to overeast, bases 2000 
feet, tops 3000 to 4000 feet but one 
report up to 12,000 feet about 70 n mi 
from center. 

One altostratus report, overcast, base 
12,000 feet, top not indicated. 

Very thin cirrus 1/10 to 5/10 cover, 
base 30,000 feet. 


SaaS Ane TMA lLOC Wt , Mime , 
overcast, bases generaiiy 2000 feet, 
VOpare UU bo  SUU0Y tect. 

One report indicated cumulonimbus 
Chivers base a00 feet, top.not 

given. One report of altostratus in two 
layers with 6/19 eover. One layer with 
base at 7000 feet, top 8000 feet. 

second layer base 15,000 feet, no top 
included. Very thin cirrus, 4/10 cover. 
at 30,000 feet. 


Cumulus, 3/10 to overcast, bases 600 
bo S00 eel, tops 1500 to 2500 fcet. 
One report indicated Cu with top at 
S000 feet. No stratocumulus type clouds. 
Altoeumuius, 8/10 cover, base 10000 
feet weeps e000) Eo 12,000 feet. AlLto- 
SeCtommwoaisee io 000 fcet, top 1b,000 
feet. 

QneSCeve i teoiecarroStratus, overcast, 
base 30,000 feet, top 35,000 feet. 
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Distance 
from 
eenter 
nm mi 


120-240 


120-240 


120-240 


L20-240 


racic 


Reo ijipet coi 


hight) Rear 


Left Front 


Leit Rear 


APPENDIX B (eont.) 


Remarks 


ioeGey cumulus with 1710 to 9/10 cover, 
Peeesscctcraily 1000 to 2000 feet, tops 
"O00 feet with two reports indicating 
10,000 feet. Stratoeumulus with bases 
1000 to 2000 feet, tops 4000 to 5000 
Teet. 

One report of altoeumilus 6/10 cover, 
base 12,000 feet, top 13,000 feel. 
Carrus, J1/10 to 5/10 cover, base at 
Steovte tect. tops 30,000 or 35,000 feet. 


Cumulus and stratocumulus, 3/10 to 
8/10 cover with bases generally 2000 
feet, tops 4000 to 5000 feet but up to 
8000 in a few cases. One report indi- 
Caled thin stratus, base 1200 feet, 
top 2000 feet. 

Altoeumulus and some altostratus, 3/1.0 
to 9/10 eover, bases generally 15,000 
Feet, tops 16,000 to 17,000 feet. 


_ ~~ Is mb 
— 


Ce Sess Li qu awe as Vue y -_ Aaa ame be a one 
AUC Oita Pid, Cimiris, 5/1 to e710 
eover, base at 30,000 feet. 


Mostly eumulus type elouds, 3/10 to 

9/10 cover, bases around i500 feet, tops 
ranged from 4000 to 1JOQ00 feet. Strato- 
cumulus, base 1000 Feet, tops 4000 Leet. 
Altoeumulus 5/16 to 6/10 cover, thick- 
nesses 3000 [cet with bases 11,000 to 
T7000 Steet.) Altostratus 5710 to over= 
cast, bases 0000 Feet to 9000 feet, 
thiekness about 1LOOO feet. 

Cirrus, 5/10 to overcast, base 30,000 
feet, tops 35,000 feet. 


One low cloud report available indicated 
3/10 cumulus, base 1000 feet, top 2000 
Peienhs 

Altostratus only, overcast, base 15,000 
feet, tops not indicated. - 

Cirrus, 8/10 to overcast, bases and tops 
not reported. 
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APPENDIX B (cont.) 


Distance 
from 
center 


(n_ mi) Quadrant Remarks 


240 + Right Front Cumulus, 3/10 to 8/10 cover, bases 
and Rear at 2000 feet, tops ranged from 3560 

to 10,000 feet with average about 
5000 feet. No stratocumulus indicated. 
Very few reports of middle clouds. 
Those availabie indicated altocumulus 
Weeneveses trom 10,000 to 20,000 fect. 
EG@psec,U00 to 22,000 feet. Thicknesscs 
generally about 2000 feet. 
Reports of high clouds were sparse 
beyond 240 nmi in all quadrants. Those 
eveebaoe andicated cirrus, 1/10 to 
U/10 cover, bases and tops not reported. 


240 + er tb rone Cumulus 3/10 to 6/10 cover, bases 
and Rear generally 1000 to 2000 feet, tops 

“O00 to 5000 feet but up to 8000 feet 
on a few reports. One report about 
360 n mi ahead of center indicated Cb 
d@imVity. 10 basc or Eop indicated. 
REBOVES Of NEGO eons weie wey 
few. Available ones indicated alto- 
stratus and altocunulus, 5/10 to over- 
Gactewmuases fro 12,000 to 15,000 fect, 
thicknesses about 2000 feet. 
For cirriform clouds sce above under 
the right quadrants. 
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Distance 


from 
center 


(n_mi) OQuadrant(s) Remarks 


00-60 


60-120 


60-120 


120-180 


Ail 


Right 


eda 


Right 


Page NY AC 


Nephanalysis of tropical storm LORNA 
25-26 November 1969 


Crmums wit 2/10 to 6710 cover, 
Paeeeslo00ero 2000 fect, tops 3000 

to "000 Feet. One report of strato- 
cumilus with base 1000 feet, top 

1300 feet. 

Altostratus and altoeuwnulus with 

bases from 7000 to 17,000 fect, thick- 
mees 2U00=3000 feet. One report of 
eveveaste 6S 12 m1 Mi from center in leit 
rear quadrant. 

Ome stircemrevorls Of -ClirrostTatus, 
5/10 to 9/10 cover, base 28,000 icet, 
Boucmoe UU ECet. 


Piniiisseensraliy 5710 or more cover, 
baseomloUUei eet, ops bLOOUmtrecel. 
Straracimurus vase Lnfite cee. Cup 
Leet. 

Miposeeacis 2710 to overcast, bases 
POOUr wer hl OOO Mrce L. 

GGrrooreralic oa, l0 fo overcast, bases 
2'4:,000 to 25,000 feet, tops not 

a wdiea red: 


Cumulus 2/10 to 6/10 cover with bases 
1500 feet, tops 6000 feet. 
Stratocumulus up to 5/10 cover with 
bases 1500 fect, tops 3000 to 4000 feet. 
Sieocumilus 2700 to 5/10 cover, bases 
6000 to 7000 feet. 

Civroeseratis., mostly overcast, bases 
and tops not indicated. 


Cumulus and stratocumulus 1/10 to 
6/10 cover. Cu bases gencrally 1500 
feet, tops 4O00 to 6000 feet. Se 
basessimehty variable, tops 3000 to 
6000 feet. with 1500 to 3000 foot 
thicknesses. 
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APPENDIX C (eont.) 


Distanee 
from 
eenter 


(nimi) Quadrant (s) Remarks 


120-180 Right Altostratus 2/10 to overeast, bases 
highly variable from 7000 to 16,000 
feet, thiekness 1000 to 2000 feet. 
Altocumulus bases 7000 feet, tops 
SO00 to 10,000 feet. 

Cirrostratus 2/10 to overeast, bases 
28,000 feet, tops 30,000 feet. Few 

reports of cirrus, 5/10 cover, base 

35,000 feet, top not indicated. 


120-180 ete Cumulus and stratocumulus 2/10 to 
6/10 cover, bases 1500 to 2000 feet, 
tops 6000 to 7000 feet. AlLtocumulus 
and altostratus bases 6000-7000 
feet, thickness 3000 feel. Over- 
cast cirrostratus, thitekness not 
reported. 


180-300 Okie Reports sparse, expecially in left 
Giaerants. Cumulus and stratocumulus 
met Vee) LOTS pet te 
3000 to 6000 feet. Nu aitostratus 
or altocumulus reports in left 
quadrants. Reports in right quadrants 
indieate As and Ac with 1/10 to 
overeast, bases highly variable, 
thickness LOOO to 2000 fect. 

No high clouds reported in left 
(ustdtetrorm Four reports ol Cirrus 

ade cimoseratus. 3/10 to 9/10 coven: 
base 28.000 feet or 35,000 feet. Tops 
Hae e Pee LeU, 


Al 
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